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Magnetic excitations in the optimally doped high-Tc superconductor Bii,5Pbo.56Sri,6Lao.4Cu06+5 
(OP-Bi2201, Tc ~ 34 K) are investigated by Cu La edge resonant inelastic x-ray scattering (RIXS), 
below and above the pseudogap opening temperature. At both temperatures the broad spectral 
distribution disperses along the (1,0) direction up to ~350 meV at zone boundary, similarly to 
other hole-doped cuprates. However, above ~0.22 reciprocal lattice units, we observe a concurrent 
intensity decrease for magnetic excitations and quasi-elastic signals with weak temperature depen¬ 
dence. This anomaly seems to indicate a coupling between magnetic, lattice and charge modes in 
this compound. We also compare the magnetic excitation spectra near the anti-nodal zone bound¬ 
ary in the single layer OP-Bi2201 and in the bi-layer optimally doped Bii,5Pbo.6Sri,54CaCu20g+5 
(OP-Bi2212, Tc ~ 96 K). The strong similarities in the paramagnon dispersion and in their energy 
at zone boundary indicate that the strength of the super-exchange interaction and the short-range 
magnetic correlation cannot be directly related to Tc, not even within the same family of cuprates. 

PACS numbers: 74.72.Gh, 75.30.Ds, 74.25.Kc, 78.70.Ck 


I. INTRODUCTION 

In recent years, resonant inelastic x-ray scattering 
(RIXS) at the Cu L3 edge, thanks to the strong spin- 
orbit coupling of the 2^3/2 core-hole intermediate state 
that provides a direct access to spin flip excitations,Ii^ 
has become a powerful complement to neutron inelastic 
scattering for the determination of magnetic excitation 
dispersion in cuprates. The persistence of magnetic ex¬ 
citations has been observed from undoped antiferromag¬ 
netic insulators to overdoped superconductors, both for 
hole- and electron-doped compounds, across the respec¬ 
tive superconducting domes This confirms that short- 
range antiferromagnetic spin correlations survive to high 
doping and are exceptionally robust. These observations 
might imply that high energy magnetic fluctuations are 
necessary for superconductivity, although their possible 
role as pairing mechanism has not been demonstrated. 

Moreover Gu L3 resonant soft x-ray scattering has de¬ 
cisively contributed to reveal an electronic order now 
considered ubiquitous in the cuprate superconductors. 
Earlier evidence of bulk ch arge order was observed in 
La-based cuprates by neutrorPini and x-ray scattering.El 
More recently, charge order along the Cu-0 bond direc¬ 
tion has been observed in (Y,Nd)Ba2Cu306+a; (YBCO, 
NBCO),li^®^ Bi-based cuprates Bi2Sr2_a;Laa;Cu06-i-5 


(Bi2201) and Bi2Sr2CaCu208+5 (Bi2212).EHIIl The di¬ 
rect observation of charge order in cuprates came first in 
the underdoped regime, s oon a fter for the optimal dop¬ 
ing of hole-doped cuprateJ^^HSl and very recently also in 
the electron-doped compounds.^ The temperature de¬ 
pendence of charge order in YBCO an d Bi221 2 displays 

its competition with superconductivity. 

To comprehend the superconductivity of cuprates we 
need to take into account the diversity of electronic and 
magnetic excitations. Whether and how these excita¬ 
tions, such as charge, spin, lattice and orbital orders, 
interact with each other is still the matter of active re¬ 
search. One of the superiority of RIXS is that it can mea¬ 
sure different kinds of excitations simultaneously. This 
allows us to discuss the interplay between the charge, 
spin, lattice and orbital orders more in detail within a sin¬ 
gle experiment. Further, temperature dependence may 
provide insights into their physical properties and about 
their role in superconductivity and pseudogap. 

In this Article we study the collective excitations in 
the optimally doped Bii.5Pbo,55Sri.6Lao.4Gu06-i-5 (OP- 
Bi2201, Tc ~ 34 K) by momentum resolved resonant 
inelastic x-ray scattering (RIXS) at the Gu L3 edge. 
Considering that the recent angle-resolved photoemis¬ 
sion spectroscopy (ARPES) study on OP-Bi2201 showed 
a particle-hole symmetry breaking and a phase tran- 
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siti on b elow the pseudogap temperature T* ~ 125 
K) llslll] Qyj. measurements were performed at two tem¬ 
peratures, 50 K (below T*) and 200 K (above T*). We 
also compare these results to those of optimally doped 
Bii, 5 Pbo. 6 Sri, 54 CaCu 208 -H 5 (OP-Bi2212, ~ 96 K) to 

investigate the material dependence of magnetic excita¬ 
tion within the Bi-based superconductor family. 


II. EXPERIMENTAL METHOD 


The high quality OP-Bi2201 and OP-Bi2212 single 
crystals were grown by the floating zone method. The 
hole concentration was optimized by annealing the sam¬ 
ples in N 2 flow. The RIXS experiments for OP-Bi2201 
collected at 50 K and 200 K were performed with the 
SAXES instrumenlP^ at the ADRESS beamline of the 
Swiss Light Source at the Paul Scherrer Institut,!^ the 
experimental energy resolution was ^ 150 meV; RIXS 
measurements for OP-Bi2201 and OP-Bi2212 collected 
at 40 K were performed with the AXES spectrometer 
at the beamline ID08 of the European Synchrotron Ra¬ 
diation Facility (ESRF),I^ the combined energy resolu¬ 
tion was ~ 300 meV. The x-ray energy was tuned to the 
maximum of the Cu L 3 absorption peak around 931.3 
eV. The elastic scattering position was determined with 
high accuracy for every momentum transfer by compar¬ 
ing the RIXS spectrum to that of policrystalline graphite 
attached on the sample surface. Samples were cleaved in 
air some minutes before installation inside the ultrahigh 
vacuum measurement chamber (~ 3 x 10“® mbar). 

The experimental geometry is shown in Fig. 1(a). X- 
rays are incident on the sample surface at 9i and scat¬ 
tered by 29 = 130 deg (constant). The scattering vector 
Q is denoted using the pseudotetragonal unit cell with 
a = b = 3.8 A and c = 24.4 A for OP-Bi 2201 , with 
a = b = 3.86 A and c = 31 A for OP-Bi 2212 , where the 
axis c is normal to the cleaved sample surface. S is the an¬ 
gle between total momentum Q and sample c-axis. In the 
experiment S is changed by rotating the sample around 
the vertical axis b in order to change Qy, the projection of 
the momentum transfer Q along [100]. Here large nega¬ 
tive Q|| corresponds to near grazing-incidence geometry; 
large positive corresponds to near grazing-emission 
geometry. The x-ray polarization can be chosen paral¬ 
lel (tt) or perpendicular (a) to the horizontal scattering 
plane. Fig. 1(b) shows the reciprocal space near the Bril- 
louin zone center. The typical size of the Brillouin zone 
in cuprates is 0.81 A“^ (0.5 reciprocal lattice units, rlu) 
and the maximum of Qy for 930 eV photons is 0.77 A“^ 
(0.48 rlu) for 29 = 130 deg. We measured along (±0.5,0) 
direction and the thick green line represents the region 
explored in this work. We follow previous conventions^ 
and present normalized spectra so that the integrated 
intensity of the dd excitations ([-3,-1] eV) equals to one. 



FIG. 1. (color online) (a) The experimental geometry, (b) 
Reciprocal-space image, the nuclear and magnetic first Bril¬ 
louin zones are drawn with solid and dashed lines, respec¬ 
tively; the thick green line indicates the range covered by the 
experiments, (c) Representative RIXS spectra of OP-Bi2201 
for various 5 values in steps of 25 deg as indicated by the black 
empty circles in panel b, i.e. from 15 deg grazing incidence 
to 15 deg grazing emission, as measured with respect to the 
sample surface. Top: tt polarized incident x-rays. Bottom: a 
polarized incident x-rays. Data were collected at 50 K and 
200 K. (d) Single spin-flip fraction (without orbital excita¬ 
tion) for TT or (7 polarizations according to RIXS cross section 
calculations for 29 — 130 deg. The non-spin-flip channel can 
be spread over elastic, charge excitations, double-spin-flip ex¬ 
citations and phonons, covering a broad spectral range from 0 
to 1 eV energy loss. This explains why spin-flip channel, less 
intense but more concentrated in energy, often the most easily 
recognizable spectral feature, (e) RIXS spectra measured at 
Q|l = —0.4 rlu with grazing-incidence geometry {6 = —50 deg) 
and measured at Qy = 0.4 rlu with grazing-emission geometry 
{5 = ±50 deg) for tt- or cr-polarized light. Data were collected 
at 50 K. All spectra are normalized to the integrated intensity 
of the dd excitations. 


III. RESULTS 

Fig. 1(c) displays some RIXS spectra at representa¬ 
tive 5 angles for OP-Bi2201, collected at 50 K and 200 K 
with both TT and cr polarized incident x-rays. The spec¬ 
tra exhibit, below —1.5 eV, dd excitations (transitions of 
the unpaired hole of Cu^'*' from the dx 2 _y 2 to other d 
orbitals) -vvith no obvious temperature dependence. 
Two broad peaks around -1.6 eV and around -1.9 eV 

























3 


can be roughly ascribed to the transitions to the d^y 
and dxz/yz orbitals, in analogy to the results obtained 
in the undoped compounds by Moretti Sala et al.P^The 
d^z'^_j .2 final state, more difficult to discern, is proba¬ 
bly at slightly higher energy loss. The elastic peak is, 
as usual, stronger at specular angle (5 = 0 deg) due to 
the reflectivity from the surface. The dispersion of the 
dd excitations is as small as that observed previously in 
other layered cuprate^^ within the energy resolution of 
our experiment. 

In layered cuprates the simplest magnetic excitation 
implies the reversal of the spin 1/2 at one site, giving 
origin to a magnon in the antiferromagnetic parent com¬ 
pounds and to a so-called paramagnon in doped materi¬ 
als. In all cases the single spin-flip excitation is obtained 
through the rotation by 90 deg of the scattering photon 
polarization vector: it turns out that the only cttt' and 
Tra' combinations lead to non-zero spin-flip cross section, 
where t he p rime denotes the polarization of the scattered 
photon,liEll because due to the x^ — y^ symmetry of the 3d 
hole, the relevant polarization rotation is that projected 
on the ab plane. In Fig. 1(d) we show the spin-flip frac¬ 
tion as calculated with the simplified RIXS cross sections 
of Refs, m UTl and [21] for 29 = 130 deg. The blue (red) 
line represents the spin-flip fraction of the low energy ex¬ 
citation spectral weight for incident tt (ct) polarization. 
It must be kept in mind that, whereas the non-spin-flip 
part is spread over several contributions differing in na¬ 
ture (charge excitations, phonons, diffuse elastic, dou¬ 
ble spin-flip) and energy, the single spin-flip channel is 
concentrated in the resolution limited peak in the anti¬ 
ferromagnetic parent compounds or in the (often broad) 
paramagnon in the doped superconductors. This fact 
makes the spin-flip excitations more evident and recog¬ 
nizable with respect to the non-spin-flip excitations. We 
notice that, at grazing incidence (large negative 5 val¬ 
ues), the single spin-flip fraction is relatively small for 
both incident polarizations. This is particularly evident 
at 5 = —50 deg as shown in Fig. 1(e): for both polariza¬ 
tions the spectra are given by a broad distribution in the 
mid-infrared region, provided by a combination of sin¬ 
gle and multiple paramagnons, charge and vibrational 
excitations, all difficult to disentangle. On the other 
hand, in a near-grazing-emission geometry (large posi¬ 
tive 5 values), single spin-flip excitations are prominent 
for TT and suppressed for cr polarization. This is evident 
at 5 = -1-50 deg for the peak at ~350 meV in Fig. 1(e). 
This incident polarization dependence has been further 
confirmed by a recent RIXS experiment obtained by us¬ 
ing a soft x-ray polarimeter capable of measuring the 
polarization of the scattered radiatiorP^ simultaneously 
with the spectral distribution. Therefore we consider the 
peak at ~350 meV at Qy = 0.4 rlu (5 = -1-50 deg) to be 
a single spin-flip excitation. 

In Fig. 2 we show the evolution of the spin-flip spec¬ 
tral component along the (0,0)-(0.5,0) symmetry direc¬ 
tion. It appears from the raw data that the param¬ 
agnon mode disperses to high energy loss similarly to 
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FIG. 2. (color online) The RIXS spectra of OP-Bi2201 along 
(0,0)-(0.5,0) symmetry direction (black solid circles) at 50 K 
(left) and 200 K (right). The spectra are decomposed into the 
dispersive magnetic excitations (blue line), the elastic scatter¬ 
ing (green line), the phonon scattering (orange line), and the 
charge- and dd-excitations background (gray line). The blue 
arrow indicates the paramagnon peak. The data were col¬ 
lected at grazing-emission using tt incident polarization. 


that of other superconducting cuprates.®3 We decom¬ 
pose the spectra into four different contributions!^ a 
resolution-limited Gaussian for the elastic peak, an anti¬ 
symmetrized Lorentzian for the magnetic scattering, a 
smooth background for the particle-hole continuum and 
the tail of dd excitations, and a resolution-limited Gaus¬ 
sian for the dominant phonon which is a bond stretch¬ 
ing longitudinal optical (TO) mode of ^65 meV previ¬ 
ously observed by RamarP^ and high-resolution inelas¬ 
tic x-ray scattering.!^ strong coupling to electrons, 
manifeste d in A RPES by a kink in the electronic state 
dispersionj ^^ l ^^ l constitutes a significant part in RIXS. 
Within the present experimental accuracy we can not 
determine the phonon dispersion, and the crucial impli¬ 
cations of its observation in Gu Lg RIXS will be discussed 
elsewhere.!^ 

We track the paramagnon peak as denoted by the 
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FIG. 3. (color online) Energy/momentum intensity false-color 
maps of RIXS spectra along (0,0)-(0.5,0) symmetry direction 
measured at (a) 50 K and (b) 200 K with tt polarization on 
OP-Bi2201. The white solid sqnares indicate the paramagnon 
peak positions as determined with the fitting procedure illus¬ 
trated in Fig. 2. (c) RIXS spectra at 50 K (black) and 200 K 
(green) at selected Qy. (d) Experimental paramagnon dis¬ 
persion and (e) the integrated intensity of paramagnon peak 
at 50K (black) and 200K (green) determined from the fit¬ 
ting procedure. Integrated inelastic intensity of optimally 
doped YBa 2 Cu 307 from Ref. 0 is superimposed for compar¬ 
ison (blue), (f) Intensity at [-0.15,0.1] eV energy window for 
quasi-elastic signal at 50 K (black) and 200 K (green). Self¬ 
absorption correction has been applied to (e) and (f). The 
error bars represent the uncertainty in the htting. 



Q„ (r. t u.) Energy (eV) 


FIG. 4. (color online) Energy/momentum intensity false-color 
maps of RIXS spectra along (-0.5,0)-(0.5,0) symmetry direc¬ 
tion measured at (a) 50 K and (b) 200 K with a polarization 
on OP-Bi2201. (c) Polarization comparison of RIXS spectra 
measured at Qy = 0.22 rlu at 50 K and 200 K. 


blue arrows in Fig. 2, and superimpose it on the en¬ 
ergy/momentum intensity map in Fig. 3 for (a) 50 K 
(below T*) and (b) 200 K (above T*). From the maps 
we note that the intensity of the high energy magnetic 
excitation shows a decrease above Qy ~ 0.22 rlu for 
both temperatures; meanwhile one feature appears be¬ 
low 100 meV at Qy ~ 0.22 rlu, which will be discussed 
subsequently. To visualize if there is any temperature 
dependence, we overlap the raw spectra measured at the 
two temperatures in Fig. 3(c). The two sets of spectra 
are almost identical within the experimental uncertainty, 
confirming therefore that the effective super-exchange in¬ 
teraction Jeff is very weakly temperature dependent.!^ 
The energy and integrated intensity of paramagnon 
determined from the fitting procedure are compared re¬ 
spectively in Fig. 3(d) and (e) for the two temperatures. 
In the antiferromagnetic systems the paramagnon inten¬ 
sity is expected theoretically to decrease to zero when 
approaching the F point.EI^ From Fig. 3(e) we observe 
a similar behavior below 0.2 rlu also in OP-Bi2201, al¬ 
though the paramagnon intensity could not be tracked 
below 0.1 rlu due to the onset, towards F, of the elas¬ 
tic peak that hinders any possible sub-100 meV inelas¬ 
tic feature with the present resolution. More interest¬ 
ingly though, the intensity of paramagnon also shows an 
abrupt drop above Q|| — 0-22 rlu. In Fig. 3(f) we in¬ 
tegrated over [-0.15,0.1] eV energy window to evaluate 


the quasi-elastic intensity: the intensity shows a step (or 
a peak) at Qy ~ 0.22 rlu and then decreases with mo¬ 
mentum for both temperatures. We have applied self¬ 
absorption correctioipS to the intensity and found that 
the change of intensity is less than 10% near the Bril- 
louin zone boundary, which can not explain the strong 
depression of intensity above 0.22 rlu here (nearly 40% 
decrease around the Brillouin zone boundary). For bis¬ 
muth cuprates the small correction for the spectra nor¬ 
malized to dd intensity is due to the relative large pre¬ 
edge signal of x-ray absorption spectra, originated from 
the large non-resonant absorption of bismuth. The co¬ 
incident intensity drop of paramagnon and quasi-elastic 
signal indicates a nontrivial effect. We notice that for 
optimally doped YBa 2 Cu 307 in Refs. O the integrated 
inelastic intensity shows a decrease above 0.3 rlu, a wave 
vector characterizing charge ordei!^ and bond-buckling 
phonon anomaly.^ Therefore, charge order and phonon 
anomaly might play a role in our OP-Bi2201 too, as dis¬ 
cussed below. We also notice that around Qy ~ 0.22 
rlu the paramagnon energy in Fig. 3(d) seems to deviate 
from a smooth dispersion, which deserves further inves¬ 
tigation as well. 
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IV. DISCUSSION 
A. Intensity maps of RIXS spectra 

The concurrent intensity drop of paramagnon and 
quasi-elastic signal around Qy = 0.22 rlu are probably 
not a fortuitous coincidence. In the map of Fig. 3(b), we 
can directly observe a feature below 100 meV at Qy ~ 
0.22 rlu. This can be put in relation with other intriguing 
phenomena taking place in Bi2201, such as charge order 
and strong electron-phonon coupling. Charge order, with 
Qco = 0.243 rlu, has been observed recently in under¬ 
doped Bi2201 (Tc = 30 K) by resonant x-ray scatterin^i^ 
and, with (5y~0.28 rlu, in OP-Bi2212 by RIXS. ^ Here 
the wave-vector of the low energy feature, i.e. 0.22 rlu, is 
compatible with the one of a charge order signal. How¬ 
ever the persistence of the feature up to 200 K, above 
the presumed charge order temperature, seems in con¬ 
trast with the commonly observed temperature depen¬ 
dence of the charge order in hole-doped cupratesl ^^ l ^^ l In 
the present RIXS data on OP-Bi2201 we did not find 
an evidence for charge order, possibly because of the ex¬ 
cessive disorder, known to be higher in Bi2201 than in 
Bi2212.ESlini Unfortunately the lack of an unambiguous 
evidence of charge order in the present sample does not 
allow us to make a direct connection, on that issue, to 
the ARPES results, which showed particle-hole symme¬ 
try breakinj^ and a phase transition below the pseudo¬ 
gap temperature.!^ On the other hand we can exploit the 
richness of the RIXS spectra. 

The assignment of the low energy feature can be in¬ 
spired by observing the RIXS colormaps of Fig. 4(a) 
and 4(b), where the a polarization was used. At pos¬ 
itive Qy the fj polarization enhances the non-spin-flip 
final states, including bi-magnon-like magnetic excita¬ 
tions, particle-hole pair generation and phonons; at neg¬ 
ative Qy the spin-flip and non-spin-flip excitations have 
similar intensity. We can unambiguously observe a 
peak below 100 meV at Qy = -1-0.22 rlu: this peak is 
stronger with a than tt polarization, as highlighted by 
the spectra comparison in Fig. 4(c), a clear demonstra¬ 
tion of its non-spin-flip character. Its energy is fully 
compatible with a phonon excitation. This assignment 
is confirmed by the data at negative Qy, where the 
phonon peak has an almost flat dispersion but a clear 
increase in intensity beyond -0.25 rlu. Interestingly, in¬ 
elastic x-ray scattering measurement on optimally doped 
Bi2Sri,6Lao,4Cu06+5 found that the Cu-0 bond stretch¬ 
ing (BS) phonon shows a softening and an anomalously 
broad line-shape around 0.22-0.25 rlu.!^ The crossing of 
two longitudinal phonon modes and/or the anomalous 
broadening of the BS phonon may have a relation to the 
strong phonon signal around 0.22 rlu in RIXS. More¬ 
over phonon softening and broadening has been observed 
around the charge orderin g wave- vector in several cop¬ 
per oxide superconductors revealing the correla¬ 

tion between charge order and phonon anomalies in ex¬ 
periments other than RIXS. What RIXS is adding here 


in the specific case of OP-Bi220I, is the coincidence of 
phonon and paramagnon intensity anomalies, appearing 
in the putative charge-order wave-vector region. Inter¬ 
estingly enough, optimally doped YBCO shows a sim¬ 
ilar maximum of the paramagnon intensity around its 
own charge-order wave-vector (0.30 rlu), as shown in fig¬ 
ure 3(e). The q-dependence of the phonon intensity in 
RIXS and its relation with charge order goes beyond the 
scope of this article and will be treated more system¬ 
atically elsewhere.!^ Moreover in the near future better 
resolved and more systematic RIXS measurements will 
help to clarify the connection of charge- order and phonon 
anomaly with the paramagnon energy and intensity evo¬ 
lution. 


B. Relation between Jeff and Tc 

In Fig. 5 we compare the RIXS spectra of OP-Bi220I 
and OP-Bi2212 at large Qy for tt polarization. In panel 
(a), the two data sets for OP-Bi2201 (one at 50 K with 
150 meV resolution, one at 40 K with 300 meV resolu¬ 
tion) are compatible with each other, once the difference 
in resolution is taken into account. For OP-Bi2212 (40 
K, 300 meV resolution) we observe that the dd multi- 
plet is more extended towards higher energy, due to the 
d^z^-r^ final state being more separated from the d^^-y^, 



FIG. 5. (color online) (a) Comparison of RIXS spectra of 
OP-Bi2201 and OP-Bi2212 at large Q\\ measured with tt po¬ 
larization. Two data sets were collected for OP-Bi2201, at 
50 K and 40 K with energy resolution of 150 meV (black) 
and 300 meV (purple) respectively; OP-Bi2212 data were col¬ 
lected at 40 K with energy resolution of 300 meV (magenta). 
(b) Enlarged view of the low energy portion, (c) The param¬ 
agnon energies of OP-Bi2201 and OP-Bi2212 from the fitting 
of the spectra with experimental resolution of 300 meV are 
overlaid with paramagnon energy of OP-Bi2201 at 50 K re¬ 
produced from Fig. 3(d). The large error bars are due to 
the fitting uncertainty for the lower resolution spectra, (d) 
Integrated intensities of RIXS spectra with energy window [- 
0.8,0] eV, normalized to the respective value at Qy =0.22 rlu. 
Self-absorption correction has been applied to the intensities. 
The error bars represent the uncertainty in determining the 
spectral weight. 
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due to the absence of one apical oxygen in the bilayer 
compound with respect to the single layer Bi2201. Panel 
(b) shows an enlarged view of the low energy portion. 
The paramagnon energies are similar in t he two samples. 
Following the usual fitting procedurej^ we obtain that 
the paramagnon energy at zone boundary is ^350 meV, 
as shown in Fig. 5(c). At small Qy the fitting for spec¬ 
tra with lower resolution is too uncertain and we cannot 
plot the corresponding points in panel (c). We present 
the integrated intensities for OP-Bi2201 and OP-Bi2212 
in Fig. 5(d), which are very similar with a consistent 
drop above ^0.22 rlu, suggesting a common interplay in 
Bi-based cuprate family. 

These results are in stark contrast with those recently 
published by Dean et ah,who have found that the para¬ 
magnon energy at zone boundary is substantially higher 
in Bi2Sr2Ca2Cu30io+6 (Bi-2223, Tc = 109 K) than in 
Bi2+xSr2-^Cu06+5 (Bi-2201, Tc ~ 1 K). In Ref. gS] the 
paramagnon energies are assigned at 295 meV for Bi- 
2201 and 347 meV for Bi-2223 close to (1/2, 0,T). From 
this result the authors argued that Tc scales monotoni- 
cally with Jeff. However, previous results in Bi2212 had 
rather shown an opposite trend, i.e., the softening with 
doping of the magnetic excitation energy, namely from 
~ 350 meV in the heavily underdoped nonsuperconduct¬ 
ing sample to ~ 300 meV in the optimally doped one 
(Tc = 92 K) .1^ Here we find that the paramagnon ener¬ 
gies of OP-Bi2201 (Tc ~ 34 K) and OP-Bi2212 (Tc ~ 96 
K) are indeed similar to that of Bi-2223 (Tc =109 K) 
and of heavily underdoped Bi2212. Therefore our results 
confirm for the Bi22 nm fa mily what was already known 
for YBCO and LSCO,l^^^that the value of the magnetic 
excitation energy at zone boundary does not correlate di¬ 
rectly to Tc. The exception found in Ref. is possibly 
due to the different local structure (Cu-0 distance, Cu- 
0-Cu bond angle) of the Bi-doped compound, chosen for 
its especially low Tc at optimal doping. Although there is 
a good probability that magnetic fluctuations play a de¬ 
cisive role in high-Tc superconductivity, the maximum of 


Tc for different materials may be more strongly influenced 
by other factors than just the value of the superexchange 
coupling. 

V. CONCLUSIONS 

In the RIXS spectra measured with the appropriate 
conditions (tt polarization, positive Qy values), we have 
observed the simultaneous intensity decrease of the para¬ 
magnon and the quasi-elastic signal above ~0.22 rlu, the 
wave-vector of the putative charge-order in OP-Bi2201. 
The tiny temperature dependence and the evidence of 
a concurrent onset, with cr polarization, of the phonon 
signal at that special wave-vector, hint at a combined 
effect, on the magnetic excitation spectrum, of electron- 
phonon coupling and incipient charge-order. Further in¬ 
sight into this issue could come from considering the in¬ 
fluence of phonon and charge order on the spin dynamical 
structure factor. Moreover we give here a further confir¬ 
mation of the robustness of magnetic excitations across 
the phase diagram of high Tc cuprate superconductors. 
There is, however, an increasing general evidence that, in 
cuprates, spin excitations get coupled, via the electron- 
phonon interaction, to both lattice modes and charge or¬ 
der, therefore providing a ubiquitous ingredient for the 
superconductivity pairing mechanisms. A better clar¬ 
ification of this three-actors scenario (spin excitations, 
electron-phonon coupling, charge order) will require fur¬ 
ther systematic use of high resolution resonant elastic 
and inelastic x-ray scattering. 
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